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GLYPHOSATE AS A fiAMETOCIDK 

The present invention relates generally to the field of plant genetic engineering. More 
particularly, it concerns transgenic plants in which a male-sterile phenotype is selectively 
induced by application of glyphosate herbicide. The plants of the present invention are 
5 vegetatively- and female-tolerant of glyphosate, but are male-sensitive to the herbicide. 
The methods and compositions of the invention provide male-sterile plants for use in the 
production of hybrid seed, for minimizing undesirable crop outcrossing, and for 
lengthening flower life. 

Plant biologists have long appreciated that cross-fertilization of closely related plants can 
10 result in progeny which have desirable combinations of traits not possessed by either 
inbred parent. This phenomenon, known as heterosis, or hybrid vigor, has been identified 
in major crop species (Stuber, 1994). As plants produced from such hybrid seed can result 
in substantially superior agronomic performance characteristics, including plant size, grain 
yield, disease resistance, herbicide tolerance, climatic adaptation, and others, there has 
15 been much interest in exploiting this approach for commercially produced crops. Hybrid 
varieties have had a huge impact on woridwide food production and have great potential 
for providing high yielding crop plants for the worlds' growing population. 

Hybrid seed production requires that cross-pollination predominates over self-pollination, 
and a number of techniques have been developed which attempt to overcome the obstacle 
20 of self-pollination. A major limitation in the production of hybrid seed for most crop 
species, however, is the lack of simple, reliable and economical methods of generating 
male-sterility while leaving female gametes intact and accessible for pollination by a 
suitable pollen donor. 

Methods of generating male sterility can be broadly classified into physical, chemical, 
25 and/or biological approaches. In some plants, such as com, physical removal of the organ 
containing male gametes is relatively straightforward since the organ is both exposed and 
spatially separated fi^om the female gametes. Most crop species, however, have both 
functional male and female organs within the same flower so that emasculation is neither 
simple or straightforward. Physical methods for generating male sterility are generally 
30 very labor intensive and expensive. Furthermore, it is difficult using these approaches to 
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ensure Ok camplett absence of self-polltaadon. Thus. U,e devel„pn,e„, of alternative 
approaches which do no, require laborious manual or mechanical deassling could p«.vide 
substantial cost of production improvements. 

In addition to physical methods for generating male sterility, chemical gametocides can be 
used m hybrid seed production to impart transitoo' male-sterility through the inhibition of 
viable pollen production. An effective gametocide is a compound that when applied to a 
plant at an appropriate developmental stage or before sexual maturity is capable of killing 
or effectively tenninating the development of a plant's male gametes while leaving the 
plant's female gametes, or at least a significant proportion of them, capable of under going 
cross-pollination. For an effective gametocide, it is desired that the application level at 
which male gametes are destroyed is significantly lower than that required to destroy the 
female gametes. Thus, a gametocide should be capable of being applied in the field 
without extraordinary precautions against accidental overdoses. 

Commercial production of hybrid seed using gametocides is limited primarily by their lack 
of selectivity for gametes in general, and for male-gametes in particular. Many 
compounds are capable of destroying or impairing the male gametes of a plant; indeed 

ahnost any systemic herbicide is effective in this role. However,mostofthese compounds 
also kill the female gametes, as well as vegetative tissues of the plant. Unfortunately 
compounds that do possess some selectivity in targeting the gametes to a greater exteni 
than vegetative tissues are generally non-discriminating regarding the sex of the gametes 
destroyed. In addition, many chemical gametocides which have shown good selectivity 
have toxicological issues or other enviromnental issues which limit the use of these 
compounds for production of commercial levels of hybrid seeds. Thus, methods which 
could miprove the selectivity and the enviromnental safety of gametocides would have 
widespread applications in the production of hybrid seed. 

Several naturally occulting, genetic mechamsms of male sterility exist which have been 
exploitedfortheproductionofhybridseedinsomeplant species. In many instances male 
sterility results fiom the developmental arrest of the pollen and/or the andier tissue which 
nounsh the developing pollen grains and release the mature pollen with the correct timing 
Hybridization strategies using CMS systems have been successfully employed in some 
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plant species. A disadvantage of this approach is that it requires three distinct lines to 
produce a single crossed hybrid: the male-sterile line (female parent), a maintainer line 
which is isogenic to the male-sterile line but contains fully functional mitochondria, and 
the male parent line. 

5 Many CMS types have unfavorable characteristics that restrict their use; these include a 
linked or pleiotropic undesirable characteristic such as disease susceptibility, breakdown 
of sterility, inconsistent and/or complexly inherited fertility restoration. Furthermore, 
CMS is unavailable in many important crop species and full sterility due to the CMS 
cytoplasm is not always exhibited in different nuclear genetic backgrounds within a 

10 species. In those species in which CMS is widely used in hybrid seed production, there is 
an unsafe dependence on a single sterile cytoplasm (Williams and Levings, 1992). The 
southern com leafblight caused by Helminthosporium mqydis. Race T, which severely 
attacked all maize hybrids with cytoplasmic male-sterile T cytoplasm, demonstrates the 
vulnerability of a hybrid seed industry which relies too heavily on a single source of a 

1 5 male-sterile cytoplasm. 

Genetic engineering has the potential to make a significant contribution to agricultural 
productivity by providing economical alternatives to the methods that are currently used 
for producing hybrid seed (Williams, 1995). For example, selective expression of genes 
encoding cytotoxic proteins can allow for the production of a uniform population of male 

20 sterile plants. In one example, a cytotoxic gene, bamase, expressed by a tobacco tapetal- 
specific promoter in anther tapetal cells, caused male sterility which could be restored in 
progeny when crossed with a plant containing a tapetal-specific promoter driving the 
expression of the barstar gene (Marini et al., 1990; Zhan et al., 1996). This same 
combination of bamase/barstar genes has been used to ablate specific anther cell types 

25 useful for the identification of cell types necessary for the maturation of anthers and pollen 
release (Goldberg et al., 1995; Beals and Goldberg, 1997). 

The expression of a DAM-methylase cytotoxic to pollen formation when expressed in 
anthers by an anther specific promoter has been disclosed as a method of genetically 
engineered male sterility (WO 9617945). 
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And«„s. RNA 9«ttei« have also b«n a««np«d for g^emtag 3^^,, p,^^ ^hc 
expression of RNA oon^toenury ,0 an endo8e™,us gene <=ritieaj for proper growth and 
deveI„pn,eo. of U,e anfl^rs or pollen has been suggested, such as by inhibWng expression 
of an essential amino acid by andsense to an aspanokinase in pollen „r tapetal cells (EP 
5 MI09226),ofUieQMgenei„maize(U.S.PatentNo.5^83.2IO). Fabijanski «,d Annson 
(U S. Patent No 5,356.799) suggest an antisense RNA sUaU^gy involving fl„ „se of 
ant,b,ot,c or herbicide resistance g«,es. bu, fUled to dentonst™, successW use of such an 
approach for producing nmle sterile plants. Also the expression of metabolically active 
enzymes such as an ATPas. (Zabaleta et al, 1996) in pollen or associated cell have been 
10 reported to result in male sterility. Unfortunately, many of these methods have limited 
ut,l,„ ^nc crossing is required to restore fenility and seed production ftom bteeding Imes 
can be problematic. 

Ou^^rossmg ref«. to the disWbution of genetic information by the spread of pollen to 
nMated plants. For genetically modified plants, this is often viewed as undesirable The 

15 outcrossing of tra^genic plants ,„ related wild plant species has mised concerns about ti„ 
development of weed species which are mote hanly because of tite selective advan,^,e 
tt.ey may obtain upon expression of the new genes. Seed compame, attempting to 
commercialize plants having insect resistance, vinrs resi,B„„», fUngaj resistance, herbicide 
resistance, etc.. each have had to address ,„ governmental tegul^ory agencies and 

20 enviromnental interest groups the issues of outcrossing of titese traits to rehned plant 
sp«=.es. This concem has resulted in numerous meetings and workshops which discuss 

these issues (Senalos et al.. 1997) The ™.. «. 

1., lyyi). ine issues range ftom enhanced weediness to 

reduction m the biodiversity of tiie related wild relatives. 

Gene flow ftom cops which are fl» p„^ „f .^^onal agriculnnal breeding have 
25 contiibuted to the we«liness of a»ir we«ly relatives. Examples of these include- sugar 
beet, pearl mille, rice ^ rye. The ability to control gene (low .0 these related wild 
species has been limited by th. lack of an effective method to control pollen production 
and the subsequent taabUity ,„ restrict tite disti^bution of dre genes, if Utey indeed sptead 
ftom cultivate! plants to related wild species. Thus, ti«re is an unme. need in the field of 
30 plant biotechnology for a method .0 selectively prevent tire production of poUen for ti« 
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purpose of restricting the dissemination of recombinant genetic material, and to provide a 
means to select against wild plant relatives which have acquired the genetic material. 



The horticultural industry which provides bedding plants for residential and commercial 
settings would have great interest in flowers which maintain their petals and/or color for 
5 longer periods of time. Flowers rapidly deteriorate after becoming pollinated. Inhibiting 
pollination, therefore, would add days or weeks to the useful life of many bedding plants 
used for the production of showy flowers. As an example of its importance, the 
horticulture industry currently supports a breeding program for male sterility in lilies for 
the purpose of preserving the flower shell and eliminating the production of lily pollen, 

10 which stains clothing and fabric. Similar efforts would also be advantageous in plants 
species such as Geranium species since these plants demonstrate petal shatter as early as 2 
hours after pollination. Petal shatter can limit sales and crop commercialization. A 
broadly applicable genetic engineering approach to reduce pollen shed and lengthen flower 
petal life in these and numerous other species would provide an important new tool for the 

1 5 horticultural industry to produce products with improved characteristics. 

A^-phosphonomethylglycine, also known as glyphosate, is a well known herbicide that has 
activity on a broad spectrum of plant species. Glyphosate is the active ingredient of 
Roundup® (Monsanto Co.), an environmentally safe herbicide having a desirably short 
half life. When applied onto a plant surface, glyphosate moves systemically through the 
20 plant. Glyphosate is toxic to plants by inhibiting the shikimic acid pathway which 
provides a precursor for the synthesis of aromatic amino acids. Specifically, glyphosate 
affects the conversion of phosphoenolpyruvate and 3-phosphoshikimic acid to 5- 
enolpyruvyl-3-phosphoshikimic acid by inhibiting the en2yme 5-enolpyruvyl-3- 
phosphoshikimate synthase (EPSPS). 

25 Through genetic engineering, it is possible to produce glyphosate tolerant plants by 
inserting into the plant genome a DNA molecule that causes the production of higher 
levels of wild-type EPSPS. Glyphosate tolerance can also be achieved by the expression 
of EPSPS variants which have lower affinity for glyphosate and therefore retain their 
catalytic activity in the presence of glyphosate (U.S. Patent No. 5,633,435). Enzymes 

30 which degrade glyphosate in the plant tissues (U.S. Patent No. 5,463,175) are also capable 
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of conferring cellular tolerance to glyphosate. Such genes, therefore, allow for the 
production of transgenic crops which are tolerant to glyphosate, thereby allowing 
glyphosate to be used for effective weed control with minimal concern of crop damage. 
For example, glyphosate tolerance has been genetically engineered into com (U.S. Patent 
No. 5,554,798) and wheat (Zhou et al., 1995) 

The use of glyphosate as a chemical gametocide has been described (U.S. Patent No. 
4,735,649). Therein, it is disclosed that glyphosate can, under optimal conditions, kill 
about 95% of male gametes, while leaving about 40-60% of the female gametes capable of 
fertilization. In addition, a stunting effect was typically observed at the application levels 
disclosed, manifested by a reduction m tiie size of tiie plant and by a minor amount of 
chlorosis. Thus, a major drawback of using glyphosate as a gametocide, as is generally 
true with most gametocides, is the phytotoxic side effects resulting from lack of sufficient 
selectivity for male gametes. 

SUMMARY OF THE TNVF.NTf ON 

In its broadest sense, the invention described herein provides a method to cause selective 
and regulated herbicide-induced ablation of specific cell types in plants. This method 
involves tiie insertion into the genome of a plant ceU at least two distinct recombinant 
DNA molecules. A first DNA molecule comprises operably linked in the 5' to 3' 
orientation: 

a first promoter tiiat functions in plant cells to cause tiie production of a first RNA 
sequence; 

a first DNA sequence encoding a first RNA sequence which encodes a protein tiiat 
causes tolerance to a systemically translocated herbicide, preferably glyphosate; 

a first 3' non-translated region tfiat fimctions in plant cells to cause tiie polyadenylation 
of tiie 3' end of tiie first RNA sequence. 

Typically, tiie promoter used in tiie first DNA molecule is expressed in a constitutive 
fashion. Examples of suitable promoters tiiat function effectively in ttiis capacity include 
cauliflower mosaic virus 19S promoter, cauliflower mosaic virus 35S promoter, figwort 
mosaic virus 35S promoter, sugarcane bacilliform virus promoter, commelina yellow 
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mottle virus promoter, small subunit of ribulose-l,5-bisphosphate carboxylase promoter, 
rice cytosolic triosephosphate isomerase promoter, adenine phosphoribosyltransferae 
promoter, rice actin 1 promoter, mannopine synthase promoter and octopine synthase 
promoter. 

5 The second DNA molecule of the invention comprises operably linked in the 5' to 3' 
orientation: 

a second promoter that functions in plant cells to cause the production of a second 
RNA sequence; 

a second DNA sequence encoding a second RNA sequence that is complementary to 
10 the first RNA sequence; 

a second 3' non-translated region that functions in plant cells to cause the 
polyadenylation of the 3' end of the second RNA sequence. 

The promoter used in the second DNA molecule is not constitutively expressed. Rather, it 
has a more restricted expression pattern, preferably limited to one or more male 
15 reproductive tissues. Preferred promoters for use in the second DNA molecule of the 
invention include the TA29 tobacco tapetum-specific promoter, PAl chalcone flavonone 
isomerase promoter, PA2 chalcone flavonone isomerase promoter, SLG promoter, LAT 
promoter, exopolygalacuronase promoter, Zmgl3 promoter, LAT52 promoter, LAT59 
promoter, and psgB6-l promoter. 

20 Expression of the first DNA molecule of the invention serves to generate tolerance to 
glyphosate in those tissues in which it is expressed. Expression of the second DNA 
molecule, on the other hand, causes the production of an RNA sequence which can inhibit 
the glyphosate tolerance generated by expression of the first DNA molecule. By using a 
promoter for the second DNA molecule which restricts the production of the antisense 

25 RNA to only a subset of the tissues which express the first DNA molecule, only the subset 
of tissues in which the second DNA molecule is expressed will be susceptible to 
glyphosate toxicity. In this way, a specific cell type or combination of cell types, 
depending upon the promoters utilized, can be selectively ablated by application of 
glyphosate to the plant. 
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gene can be used in the third DNA molecule as is used in the first DNA molecule. 
However, in this situation, there is a region of dissimilarity between the first and third 
DNA molecules which can be differentially targeted for inhibition by the second DNA 
molecule. 

Further provided are the transformed plant cells, and plants regenerated therefrom, which 
contain the first, second and/or third DNA molecules of the invention. 

Preferred plants used in the practice of the invention include, but are not limited to, com, 
wheat, rice, canola, oat, barley, alfalfa, carrot, cotton, oilseed rape, sugar beet, sunflower, 
soybean, tomato, cucumber and squash. 

BRIEF DESCRIPTION OF THF. DRAWINCS 

The following drawings form part of the present specification and are included to further 
demonstrate certain aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in combination with the detailed 
description of specific embodiments presented herein. 

FIG. 1 (SEQ ID N0:1) illustrates the DNA sequence of the P-Ztap promoter. 

FIG. 2 (SEQ ID N0:2) illustrates the DNA sequence of the Petunia EPSPS intron 

FIG. 3 (SEQ ID NO:3) illustrates the DNA sequence of the Petunia EPSPS chloroplast 
transit peptide 

FIG. 4 (SEQ ID N0:4) illustrates the DNA sequence of the Petunia EPSPS intron/petunia 
EPSPS chloroplast transit peptide. 

FIG. 5 pMON19470 and pMON19437 plasraid maps 

HG. 6. pMON19653 and pMON19340 plasmid maps 

FIG. 7. pMON25232 plasmid map 



FIG. 8. pMON25233 plasmid map 
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FIG. 9. PMON25234 and pMON25235 plasmid maps 
FIG. 10. PMON25241 plasmid map 
FIG. 1 1. Construction of pMON25258 
FIG. 1 2. Construction of pMON25259 
5 FIG. 13. Construction of pMON25260 

FIG. 14. Relative CP4 expression in com protoplasts co-electroporated with control or 
antisense vectors. 

FIG. 15. Relative CP4 expression in wheat protoplasts co^Iectroporated with control or 
antisense vectors. 
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RECOMBTNANT DNA Mm priiT cc 

Transcription of DNA into mRNA is regulated by the region of a gene referred to as the 
"promoter" The promoter region comprises a double stmnded DNA sequence that signals 
RNA polymerase to associate with the sense and antisense DNA strands and to use the 
sense strand as a template to make a corresponding strand of mRNA complimentary to the 
sense DNA strand. This process of mRNA production using a DNA template is referred to 
as gene "expression" or "transcription". 

The particular pn,moters selected for use in embodiments of the present invention should 
be capable of causing the production of sufficient expression to, in the case of the first 
DNA molecule, generate glyphosate tolerance, and in the case of the second DNA 
molecule, inhibit the glyphosate tolerance to a sufficient degree to remier the tissues 
sensitive to glyphosate toxicity. 

•me first DNA molecule will typically contains a constitutive promoter, a structural DNA 
sequence encoding a glyphosate tolerance enzyme, and a 3' non-translated region A 
number of constitutive promoters which ai« active in plant cells have been described 
Suitable promoters for constitutive expression of glyphosate tolerance for the first DNA 

10 
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molecule include, but are not limited to, the cauliflower mosaic virus (CaMV) 35S 
promoter (Odell et al., 1985), the Figwort mosaic virus (FMV) 35S (Sanger et al, 1990), 
the sugarcane bacilliform virus promoter (Bouhida et al., 1993), the commelina yellow 
mottle virus promoter (Medberry and Olszewski, 1993), the light-inducible promoter from 
5 the small subunit of the ribulose-l,5-bis-phosphate carboxylase (ssRUBISCO) (Coruzzi et 
al, 1984), the rice cytosolic triosephosphate isomerase (TPI) promoter (Xu et al., 1994), 
the adenine phosphoribosyltransferase (APRT) promoter of Arabidopsis (Moffatt et al., 
1994), the rice actin 1 gene promoter (Zhong et al., 1996), and the mannopine synthase 
and octopine synthase promoters (Ni et ah, 1995). All of these promoters have been used 
10 to create various types of plant-expressible recombinant DNA constructs. Comparative 
analysis of constitutive promoters by the expression of reporter genes such as the uidA (P- 
glucuronidase) gene from £. coli has been performed with many of these and other 
promoters ( Li et al., 1997; Wen et al., 1993). 

Promoters used in second DNA molecule are selected to confer specific expression where 
15 cell lethality is desired. In a preferred embodiment, the promoter will be capable of 
directing expression exclusively or primarily in a tissue critical for pollen development 
such as the pollen itself, the tapetal cell layer of the anther, or the anther tissues. 

Plant promoters capable of regulating the expression of genes in particular cell and tissue 
types are well known. Those that are most preferred in the embodiments of this invention 
are promoters which express specifically during the development of the male reproductive 
tissue or in pollen at levels sufficient to produce inhibitory RNA molecules 
complementary to the sense RNA transcribed by the constitutive promoter of the first 
DNA molecule. Examples of these types of promoters include the TA29 tobacco tapetum- 
specific promoter (Mariani et al., 1990), the PAl and PA2 chalcone flavonone isomerase 
promoters fi-om petunia (van Tunen et al., 1990), the SLG gene promoter from Brassica 
oleracea (Heizmann et al., 1991), and LAT gene promoters from tomato (Twell et al., 
1991). 

Anther and pollen-specific promoters fi-om rice have been isolated. Examples include the 
Osg6B promoter, which was shown to drive expression of the P-glucuronidase gene in 
30 transgenic rice in immature anthers. No activity was detected in other tissues of spikelets, 

11 
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»«.e «,„e«e of maia pZtap p„mo, J """""^ " ™= 

«u.«,„ence(p.g«-,)™3diso,oaedi„U.S.Pa„„.N„.5.4,!Sr^^^^ 
A recombinant DNA molecule of the " 

» ~. a DNA sequence of "717,^^ Z"^" ' 
20 *-p,a..an.i,pep«ae(CIP)..OKAoo^„,lL,^^'^^ 

a"da3'non.t™shtedreeion. ''"^*"ag,yp|,o«e tolerance geoe, 

TTe 5- „on.,m„sU,ed ,e«,er «^ can be ,, 

express the heterologous DNA se<n»^ ° "^"^ P™"<>ter selected to 

.0 inc^a^ trat^Mon of mRNA TW^T '^"""^ "^"^ ^-■^ - - 

- -.et^oj^ratr^^""""^"" 

present mvend„„i,^,i^^ »>™*=t,c gene se,t«„ce. The 

-W.™ .e . non-ttansUte, ae,nence *h ^Z^^^ "^^'^ 

ie.derse„»^„^,„„^^^ ^2:* 

an imielated promoter or coding sequence. 

The 3- non-t^slated regi™, „f , ^NA mol„ , 

30 signal which «mc«.ns In plants to c«,se the ZT^JI T ' 

aaoinon of adenylate nucleotides to the 3' 
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end of the RNA. The 3' non-translated region can be obtained from various genes which 
are expressed in plant cells. The nopaline synthase 3' untranslated region (Fraley et al., 
1983), the 3* untranslated region from pea ssRUBISCO (Coruzzi et al., 1994), the 3' 
untranslated region from soybean 7S seed storage protein gene (Schuler et al., 1982) and 
5 the pea small subunit of the pea ssRUBISCO gene are conunonly used in this capacity. 
The 3' transcribed, non-translated regions containing the polyadenylate signal of 
Agrobacterium tumor-inducing (Ti) plasmid genes are also suitable. 

Examples of plant introns suitable for expression in monocots includes, for example, 
maize hsp70 intron, rice actin 1 intron, maize ADH 1 intron, Arabidopsis SSU intron, 
10 Arabidopsis EPSPS intron, petunia EPSPS intron and others known to those skilled in the 
art. 

Examples of CTPs suitable to direct the targeting of the glyphosate tolerance gene product 
to the chloroplast of the plant cell include the petunia EPSPS CTP, the Arabidopsis EPSPS 
CTP2 intron and others known to those skilled in the art. 

15 GLYPHOSATE TOLERANCE GENES 

Various approaches have been developed whereby it is possible to express a heterologous 
DNA sequence, frequently hereinafter referred to as a glyphosate tolerance gene or 
glyphosate tolerance coding sequence, in transgenic plants in order to confer upon the 
plants tolerance to the herbicide glyphosate. Any such glyphosate tolerance genes known 
20 to the skilled individual are suitable for use in the practice of the present invention. 

Glyphosate inhibits the shikimic acid pathway which leads to the biosynthesis of aromatic 
compounds including amino acids, plant hormones and vitamins. Specifically, glyphosate 
inhibits the enzyme 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS). For the 
purposes of the present invention, die term "glyphosate" should be considered to include 
25 any herbicidally active form of N-phosphonomethylglycine (including any salt thereof) 
and other forms which result in the production of the glyphosate anion in plants. 

A variety of native and variant EPSPS enzymes have been expressed in transgenic plants 
in order to confer glyphosate tolerance (Barry et al., 1992), any of which can be used in the 
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invention. Examples of some of these FP<jp<3 i j 

me or mese EPSPS mclude those described and/or isolated in 

« t ^•'-•-^ "'«^- 

IS mcorporated herein by reference. 

f a p,a„. an, ^^^^ « J 

^^oAac/mum-mediated transformation the «f r 

th». • ^ formation, the use of liposomes, electroporation, chemicals 

that mcrease flee DNA untake fr« nwA j .. ^-Jicmicais 
UNA opake. S« DNA del,ve„, via microprojectfle bombarimM. 
transfonnason using virases or pollen, etc. ""nient. 

After «a„sfo»a«o„ of cells (or p.o«,pla„s), choice of n,eU,odol„g, for .he regencation 
^ . no. criUca. s..«e pro-c.. ^ ^ ^„ ~ 

soxt^an. cW. c). C™.,.™ "ca^C 

.ad^. .apesee., c_,,,_ ^ 

«-,«c.XandS„,^,(po^,^^ ("*^ 

? « —P'c. «e Mnchee e. al, (1,^) 1 

Ritchie & Hodges (1993) for reviews). . and 

MA^g STFR|[,ITY AND Hvpp,p ^ ppn PB»p „^^^, 

One entbodinien. of .he presen. i„ven.ion re,a«s „ an improved method forpr«h,ci.g 
2-"'e p^ .herein g,yphosa.e is used as a gametocide, effedl nsel 

r''^'"''^'""'^^'^'-*"-'-'- b^the 

.ackofsnfnc,c„d,h,ghse,ec.ivi.,f„r„^eg,n.e«ssoas«.preven.nn«^ 

to female gametes and vegetative tissue. ^ 
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The present invention exploits the use of glyphosate tolerance genes, in combination with 
the tissue-specific RNA-mediated inhibition of gene expression (e.g., by antisense, 
cosuppression, ribozymes, etc.), to provide improved methods for glyphosate-induced 
male sterility. The techniques described herein are applicable to essentially all crop 
5 species, including monocotyledons such as rice, wheat, oats, barley, com and the like, as 
well as dicotyledons such as alfalfa, canola, carrot, cotton, oil seed rape, sugar beet, 
sunflower, soybean, tomato, cucumber and melons, squash, and others. This method can 
be applied to ornamental plants of many varieties to engineer the plants for hybrid seed 
production. 

10 Two crops of particular interest are com (Zea mays) and wheat (Triticum aesativum). 
Mechanical emasculation is currently the most common method used for the production of 
male sterility in com, and application of chemical gametocides is the most common 
method used for wheat. The method describe herein represents an effective and efficient 
alternative means for the production of hybrid seed in these and other crops. 

15 In order to render male reproductive tissue selectively susceptible to glyphosate-induced 
toxicity, despite the constitutive expression of the glyphosate tolerance enzyme encoded 
by the fu-st DNA molecule, a second DNA molecule is used. The second DNA molecule 
contains a tissue-specific promoter which directs expression exclusively or primarily in 
male reproductive tissue of a DNA sequence which causes the production of an RNA 

20 sequence. This RNA sequence is complementary to and capable of hybridizing with the 
RNA produced by the first DNA molecule, thereby inhibiting expression of the protein 
encoded by the first DNA molecule via antisense or cosuppression mechanisms (see for 
example, Schuch, 1991; Bird, 1991; Jorgensen, 1990). Alternatively, the RNA can encode 
a catalytic RNA molecule (i.e., a ribozyme) engineered to cleave the mRNA produced 

25 fi-om the first DNA molecule (see for example, Gibson, 1997; Steinecke, 1994; Mairs, 
1995). In this way, glyphosate tolerance is selectively attenuated in a male-specific 
manner by the tissue-specific inhibition of e)q)ression of the first DNA molecule. 

The second DNA molecule can target the coding sequence of the glyphosate resistant gene 
of the first DNA molecule. Alternatively, other regions of tiie first DNA molecule can be 
30 targeted, such as intron sequences and/or CTP coding sequences, etc. 
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Tl.e skilled individual will recogm^ ^ ^^^^ can b. ,„ amv. « a 

^amgerfc plan, containing *= fl., and second DNA „K,leenles of U„ inv=«i„„ m 
DNA molecule, can be inu«iuoed i«„ a plan, in an, appropriate n^nner and/or o,d=r 
e^g.. .multaneonsly, sepa^ely. ^„e.aally «c. For example. «he. fte and second' 
DNA molecules a« inmxluced sepa«,ely .o p™lnce independ«., lines, toe nvo plan, lines 
«. be crossed using .raditional b««ling medK* and p^gen, fton, U,e cross assayed f„, 
*= pr^ence of d„ .ransgenes. -n-e progeny con.aining bod, .ransgenes are allowed .o self 
and progeny fton, d«s self can be assayed for d,e presence of bod, .ransgenes. Those 
pop-lanons which are homozygous for bo,h genes ^ ,es.ed for respond „ 
apphcadon male s.rili,y and vege..ive glypho.^ .olerance. Lines exhibidng 
effechve vege«ve .olerance .o glyphosate and den.o„s«.«ng d» desired level of male 
stenhty are fiirther propagated. 

Atonatfvely. d,e expression cassenes comprising d,e firs. DNA molecule «,d d,e second 
DNA molecule may be confined on ,he same plasmid, and «nsf.„.«, in«> a« plan, cells 
as a smgle piece of DNA Regenerared plan« produced ftom ceUs so Wormed can be 
bested w.d, glyphosate and «,ose exhibidng «te desired level of glyphoaate olerance and 
*e des^ level of male steriUry are pollinated wid, wild .yp. ,„Ue„, 
colected. S-^*o".*iscrosscanbege,n,i„ateda,^pla„.aass.yedford,ep,esence of 
bodigenes. Positive piano are aUowed » self and dre seed collected. Asubse,ofd,= 
collected seed is planted, assayed for d» present of bod, genes, and nested wid, 
glyphosate. The plan.s are scored for dK desired level of glyphosa,. .olerance and male 
sterd-fl-. Sibling seed are planted and propagated for seed mcrease. 

Ptan« regener^ed Som .ranslbnned plan, cells comprising d» fcs, and second DNA 
mofecules of invendo. are vege«vely. and female-teleran. of glyphosale. bu. are 
ma^^sensTdveted^compound. >" *e absence of glyphosate spmy, d,e plan« a. nom,al 
andftUyfemle. ™s "Uows for v«, s.raigh.forward line maintenance via selling. When 
glyphosate is sprayed on dte planu of d« presem invendon, complete male sterilily can 
result. ^ 

Tl» disclosed medKx. for generadng male-sterile piano is readily adap.ed te d» 
30 producdon of hybrid seed, including hybrid seed ™d, restered ferdlily. T^us, reladng u, 
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an additional embodiment of the present invention, there is provided a method of 
producing hybrid seed which comprises first regenerating a plant from a transformed plant 
cell which contain the first and second DNA molecules described above, increasing the 
number of plants by allowing growth and self-fertilization in the absence of glyphosate, 
exposing the plants to glyphosate to produce male sterile plants, effecting cross 
fertilization with pollen from a suitable donor, and harvesting seed from the progeny of the 
cross-fertilization. During production of hybrid seed, the seed parent plants are sprayed 
with glyphosate and rendered male sterile and pollinated by the pollen parent which are 
male fertile. Thus, hybrid seed produced in this way will generate plants with restored 
male fertility as long as glyphosate is not applied to them. Application of glyphosate to 
hybrid plants containing the first and second DNA molecules of the present invention 
would render them male sterile for the above-discussed reasons. 

In another embodiment of the present invention, there is provided a method of producing 
hybrid seed, wherein the seed is capable of generating plants which have restored male 
fertility and which remain fertile upon application of glyphosate. Male sterile plants are 
generated as discussed above. However, in this embodiment, the male-fertile pollen parent 
contains in its genome a third DNA molecule which comprises a constitutive promoter and 
a structural DNA sequence that causes the production of a protein capable of conferring 
tolerance to glyphosate, wherein said tolerance is not substantially affected by the RNA 
encoded by the second DNA molecule. Thus, the third DNA molecule can express, for 
example, a glyphosate tolerance gene under the control of a constitutive promoter, wherein 
the ability of the gene to confer glyphosate tolerance is not affected by the antisense RNA 
produced from the second DNA molecule. 

The glyphosate tolerance gene of the third DNA molecule can be structurally unrelated 
(i.e., lacking significant homology with the glyphosate tolerance gene of the first DNA 
molecule). In this way, an antisense or cosuppression RNA molecule produced from the 
second DNA molecule can hybridize with the RNA produced by the first DNA molecule, 
thereby inhibiting its expression, but cannot hybridize to the glyphosate tolerance gene of 
the third DNA molecule due to lack of sufficient complementarity. Nonhomologous 
glyphosate tolerance gene combinations suitable for this embodiment can include, for 
example, class I and class II EPSPS genes (see for example, U.S. Patent No. 5,633,435), or 
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»y co.^ therein bo* genes p^vide glyphosa. ,„,e™« when expressed in 
Pta.s b«. „ sufficienUy nonhomologous so U,e second DNA n,ole™,e inhibits *e 
exp^-on of one bu. no. d,e oU.er. A gene encoding a g„phosa« degrading en^ 
~o be used in ei*er d,e flrs. „, ^ r.NA n,o>ecu,e, while using, io, ex»,p,e. an 
iirorJ> in the Other. 
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Ate-vely d« same or a similar g„phosa,e tolerance gene can be used in *e *i,d 
DNA molecule as is used m the firs, DNA molecule. However, in flns situafion, .here wUl 
be a region of dissimilariiy be«veen *e to. and dnrd DNA molecules which can be 
^ffe^iaUy |arge.ed by d» second DNA molecule. Tins, ahhough *e fira. and ^ 
DNA molecules may udlize an iden«ca, glyphosa.e Werance gene, U,ey would have 
d-fe^ncs, for example in dteir un«„sla«d regions, fta. could be selecdveiy «rge.ed 
For example m., DNA molecule could be designed .o oonuin a region, such as an' 
m.n.n se,uence or a CTP se,uence. disdnc. irom d,e region of Ute firs. DNA molecule 
thai IS ttrgeted for inhibition by tbc second DNA molecule. 

rCROSSINn Tn nnr p pf;[,,ij[i 

I. wiU be app.cia«d by ti,ose skUled m fl» .„ .fca, fte me«K,ds and compositions of *e 
.nve„..on «n be used u, prevent ti,e production of viable pollen h, plams where it is 
desrred to mit ^ distHbutio. of the glyphosate tolerance ^ to related ™ld species 
For example, tius ™uld he advanUg„ua wlti. « grasses where consti«tive vegetative' 
glypho«» resislanc. is a desirable charaCeriatic. bu. ou^rossing .„ wild grass species is 
not The applicati™, of gl,phosa« «, fields con«imng plan« of tins invention will 
pmv.de env^m^^tally safe weed contiol while a. ti. same time ihniting «.e possibili., 
of outcnjssmg of tiK glyphosatt tolerance genes .o wild species. 

^ can also be applied to forestiy tiees iS^ „ al. 19,5) such as PK^ular 

Douglas fir. Eucalyptos. LobloUy ptae, Radiati. pine. Sou.hem pme, and Sweetgum. Tr^ 
» l^o^uced will be glyphosato toleran. and will become pollen s.eri,e when gl,p*„a«e is 
appaed a. fl. app.pria,e deveiopmenul s»ge. U»reby Ihniting ti« spre«l of viable 
pollen. 
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Another application of the invention relates to minimizing outcrossing of rice with the 
weed species "red rice". Any potential concern of the escape of glyphosate tolerance to 
weedy species will be significantly reduced since the promoter of the second DNA 
molecule, preferably a tapetal specific promoter, is likely to function in compatible weed 
5 species. As such, any resulting progeny of an outcross event would have male gametes or 
associated cells sensitive to the toxic effects of glyphosate. 

Outcrossing of Brassica napus (canola) to Brassica rapa and Brassica juncea has been 
demonstrated under field conditions. Application of glyphosate to a hybrid weed species, 
which by outcrossing from a transgenic crop plant contains the first and second DNA 
10 molecules of the invention, would render the plants male sterile and severely limit their 
ability to survive and/or distribute the glyphosate tolerance trait after treatment with 
glyphosate. 

Furthermore, crops in which the vegetative parts of the plant are the primary agricultural 
product such as sugarbeet, sugarcane, potatoes, sweet potatoes; leafy vegetables such as 
15 lettuce, cabbage, spinach, and tea; vegetable root crops such as carrots, radish, turnips, 
garlic and onions would be vegetatively resistant to the toxic effects of glyphosate when 
produced according to the present invention. Hence, glyphosate could be used to control 
weeds in these crops and the plants, once sprayed, would become, male sterile. 

PREVENTS SEED PRODUCTION FROM VOLUNTEER PLANTS 

20 Volunteer crop plants are plants which occur in or around the field where the previous 
season's crop was produced. In some situations, the volunteer crop plants escape into the 
environment and become weeds. Where such crops contain glyphosate tolerance genes, 
the possibility of the potential dissemination of glyphosate tolerance genes into the 
environment is of concern. However, such concems would be minimized if a method were 

25 available which could effectively limit this possibility. 

The invention described herein can prevent or severely limit seed production in volunteer 
crop plants sprayed with glyphosate and thereby prevent the propagation of glyphosate 
tolerant weedy plants. Canola {Brassica napus) has been of particular concern where the 
winter oil seed rape varieties in Europe have become weeds in and around the areas where 
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i. is economy cu,dva«d. Br^^. «^ s«d can ^ ^ 

V0lu««rpla„ts i„s„b«,«„, ^ „^ ^^^^ ^^^^ 

U.. hybrid p^ducdon of canoU would ,«se„ »viro™e„,^ coneys su^ p,,„^ 
would be remtered male sterile when sprayed wilh glyphosate. 

5 •n,cJ,ilo«vi.g examples ^ i„c,„ded ,o demonsuate examples of eeriain p«ft™, 
en,bodun««s of *e tavendon. 1. should be app.eia,ed by *o« of sldll ta ar, to 
techm^ues disclosed i„ „,e examples which follow „p^„ ^ 
have fou:„, tocta well i„ d,e p:acdce of «,e invendon, and ftus ca. be consider, ,„ 
constnute examples of p^fe,^ modes for iu p^ce. However, ftose of skill in U,e « 
Should, ,n of presen. disclosure, appreciate to many changes can be made in *e 
jecflc embodhnents which a., disclosed a,«i sdll ob«n . like or shnUa, resul, widrou, 
departing from scope of the invention. 
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mon of CP4 exnmssinn hy H.ff ,„ti,,„,, 

wheat protop lastc 



aents in cnrn Drotnplagfg anH 



A. Preparation of elands pMONlQ^AO p xxr^xx.c.^. ,,r,TnTrTni | 



pMON25:?14 , 



Ptasnud PMONI9470. described in U.S. Pate., No. 5.424.4.2 con«i„s *e 0.65 kb 
^l,«ower mosaic virus (C.MV, 35SRKA pmn„ter (e35S) con«inh,g a duplicadon of 
«.e .90 u> .300 -g.o» (Kay e. al., I9.7X the firs. mh«, fiom *e mafee HSP70 gene (U S 
P.«n. 5.424.4.2), a muMConing site, and a 0.25kb ftagmen. co„,aiJ, 
^lyym^ sequences *om *e nopa.i,te synrhase (NOS, gene (Fraley e. al., 1,83) ta 
a PUC..9 backbone (Vanisch-Perron e. al., .,g5, pMON.,340 pMOK254 

:ZSo ™^ ™' - - " 

PMON19470 expression cassette components. 

Figure 6. pMON19653 e35S/hsp70 intron/CTP2/CP4 EPSPS/N0S3' 
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Figure 6. pMON19340 e35S/PetEPSP intron/PetEPSPS CTP/CP4/NOS3' 

Figure 7. pMON25232 e35S/hsp70 intron/antiPetEPSPS intron-PEPSP CTP/N0S3' 

Figure 8. pMON25233 e35S/hsp70 intron/antiPetEPSPS intron/NOS3' 

Figure 9. pMON25234 e35S/hsp70 Intron/antiPetEPSPS CTP/N0S3' 

Figure 9. pMON25235 e35S/hsp70 intron/anti-CP4 EPSPS/N0S3' 

Figure 10. pMON25241 e35S/hsp70 intron/anti-GUS/NOS3' 

B. Analysis of gene expression in com protoplasts 

Expression analysis of genes in plant protoplasts has been well documented (Schledzewski 
et al., 1994; Steinbiss et al., 1991; Stefanov et al., 1991). Protoplast expression analysis is 
often a useful means of predicting if certain genes will function in plant cells. A com 
protoplast transient expression system was used to evaluate the effects of different 
antisense gene fragments on CP4 EPSPS expression. Com leaf protoplast isolation and 
electroporation was performed as described by Sheen, 1991. Plasmid DNAs were 
prepared by using standard alkaline lysis followed by cesium chloride gradient purification 
(Maniatis et al., 1982). Five ^g of pMON19340 DNA with 40 ng of one of the four 
antisense plasmid DNAs (pMON25232, pMON25233, pMON25234, and pMON25235) 
and a GUS (^-gluc) antisense control plasmid (pMON25241) were concomitantly 
introduced into com protoplasts by electroporation. pMON25241 DNA plasmid was used 
as a filler to obtain the same total amount of plasmid used in the electroporation for CP4 
EPSPS DNA-only control and 5 ^g LUX plasmid DNA (pMON19437) control. Cells after 
electroporation were incubated for 24 hours and then collected by centrifiigation. Total 
protoplast protein was harvested by three cycles of freeze/thaw followed by centrifiigation 
to remove the cell debris. Total protein concentration was determined by Bio-Rad protein 
analysis (Bio-Rad Laboratories, Cat# 500-0006). 

CP4 EPSPS expression was quantitated by ELISA. The crude protoplast extract 
containing 1 mg total protein was added to goat anti-CP4 EPSPS IgG coated wells of a 96- 
well plate for reaction. A second antibody, rabbit anti-CP4 EPSPS IgG, was added to the 
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^ ^ waging an, U,e p,a« aUowed ,o i„cu^ „v™|gHt Afte. ™ahi„g. a«ca.^ 
CM EPSPS ..al^ .u. alMin. 

CP4 EPSPS s^ndari curve p,«e« „„ each plate. L„ciW analysis was perf„„„ed as 
descnbed in US Patent No. 5,424,412. PsnomiMas 

TTe effect of each antisense is t^tesented by the tatio of CP4 EPSPS expression over the 
eve, of express,o„ of the lucifetase internal control (CP4 EPSPS/LUX). As shown in 

.ure,4.dTa.le,eachofthean.isenseve..i„nsaecreasesexpreJofC^^^^^^^^^ 
Interestingly, the anti-intron construct dMON25?^9 a™-. * . 

iruci, PMUN25232 appears to reduce CP4 EPSPS levels 
as well as the construct containing the entire CP4 FP^p<i . ^• 
orientation. ^^''"^"^^ ^ 
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Table 1. Effect of CP4 EPSPS antisense fiagments on CP4 EPSPS . • 

protoplasts. °° ^^"^ EPSPS expression in maize 




Q. Analysis of gene exp r^^.;^n ^heat p «,*»ri..^t7 



El^topo^t^n of protoplasts fion, Bobwhite wheat «s conducted .Wth the eonttol and 

*°n, sus;«„,„. cultu.es by a modified 
pr^o,of(^ouet.,1.3,a„d<Heetal,,^,BHe«y.S.of„hea.ce;s^^^ 
was suspended wtth 40 ntL enzytne solution and inc„bat«, at 26T for 2 ho^ on a 

-ora.40,^,hecentrif>.,a«onofthesoluuonwasconduct. 
The protoplasts we,, w.^ .^ce centHfttgation betv^en each wash. They we. 
JP«K.cdi„10n,L™shsoluUonands«,red™ice. The number of p.,„p J _ 
^ned and the volun« adjusted to n»ke the concentration 4 X ,o' pro.Jp,a«s^ 
25 Pr^oplasts (0.75 n.., were added to each electroporation cuvette, the! up to 5^^ 
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plasmid DNA in 50 nL solution as added to the protoplasts. The electroporation 
conditions using a Bio-Rad Gene Pulser were 960 ^Farads and 160 vohs. The samples 
remained on ice for 10 minutes, and were then pipetted into MSI WSM media and 
incubated in the dark for 18-22 hours at 24°C. Cells were pelleted by centrifugation at 
5 200-250 g for 8 minutes. The pellets were frozen on dry ice. 

The ELISA (enzyme linked immunosorbent assay) procedure used to quantitate CP4 Enol- 
Pyruvyl-Shikimate-3-Phosphate Synthase (EPSPS) in com leaf, seed, and whole plant 
tissues. The assay described in this procedure is a direct ELISA that quantitates the levels 
of CP4 EPSPS protein present in com plant tissue extracts. The com tissue is extracted in 

10 20:1 volume/weight of buffer in a Brinkmann polytron mechanical homogenizer at 1 7,500 
rpm for 30 seconds. A single centrifugation step at 6,660 g for 8 minutes separates the 
insoluble debris from the soluble extract. The levels in plant samples are compared to a 
purified reference standard of CP4 EPSPS isolated from Escherichia coli. In brief, 96- 
well polystyrene plates are coated with purified goat anti-CP4 (2 |ig/well) then blocked 

15 with non-fat dry milk (1% in IXPBST buffer, phosphate buffered saline pH 7.4, 0.05% 
I Tween-20) for 30 minutes at 30*^0, then washed 3 times v^th IXPBST. Two hundred-fifty 
. . ^iL of soluble plant tissue extract/well (the extract may be diluted with IXPBST as 
needed) is added to the antibody-coated wells alongside a concentration range of pure CP4 
EPSPS protein standards. The plates are incubated allowing antigen capture by the surface 

20 bound antibodies. The unbound sample is washed away with buffer and rabbit anti-CP4 
EPSPS conjugated to horseradish peroxidase (1:170 in IXPBST) is added, binding to the 
CP4 EPSPS antigen. Following incubation and washing, peroxidase substrate is added to 
each well. Wells containing CP4 EPSPS and hence, the antibody sandwich (goat anti-CP4 
EPSPS + plant CP4 EPSPS + rabbit anti-CP4 EPSPS horseradish peroxidase), will turn 

25 blue. The peroxidase TMB substrate and hydrogen peroxide buffers (cat# 50-76-02, 
Kirkegaard & Perry Labs) reaction results in a soluble blue product and when the reaction 
is stopped with 3M phosphoric acid, the product turns yellow. Quantitation of sample 
CP4 EPSPS concentration is accomplished by extrapolation (based on sample absorbance 
value obtained from and ELISA plate reader, read at 450 nm with a reference wavelength 

30 of 655 nm) from the log-log quadratic regression curve fit of the CP4 EPSPS standard 
curve ranging from (0.1 ng - 2.0 ng CP4/well) or (0.4ng- 8.0 ng CP4/mL). 
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The results shown in Table 2 and Figure k 

possible u,«i,g,^,„.,e II r " " 

PMOM.«a,pMOK.„3,L::o^;3: r 

exo„ sequence coinprising a RNA ^ ^ 

gene a2 a 3- ^S7^. ' ™^ " 8'""-^ '^-ce 
gene, and a 3 untranslated region The anti^r,.^ ♦ *i. • 

protoplast assay. '° ^he^t 
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Tabic 2. Effect of antiscnse constructs on CP4 EPSPS expression in wheat 
protoplasts 



,4^ 






OO450 ' 


QD450 


<nea» 






:CP4? 








4 

1 


iyo4u 


no 

antisense 




ft o 


ft coc 


0.454 


16.65 


0.0273 


0.039 


0.01312 




2 


19340 


no 

antisense 


0,311 


0.35 


0.3305 


0.2595 


4.68 


0.0532 








3 


19340 


no 

antisense 
control 


0.514 


0.54 


0.527 


0.456 


12.45 


0.0366 








4 


19340 


antUGUS 
control 


0 546 


0.557 


0.5515 


0.4805 


67.81 


0.0071 


0.007 


0.00008 


100 

% 


5 


19340 


anti-GUS 
control 


0.571 


0.564 


0.5775 


0.5065 


73.17 


0.0069 








6 


19340 


anti-GUS 
control 


0.558 


0.569 


0.5635 


0.4925 


69.99 


0.0070 








7 


19340 
+ 

25232 


anti- 

PEPSP 

intron/CTP 


0.11 


0.099 


0.1045 


0.0335 


75.47 


0.0004 


0.0002 


0.00024 


4.0% 


8 


19340 
+ 

25232 


anth 

PEPSP 

intron/CTP 


0.057 


0.077 


0.067 


-0.004 


112.9 


0.0000 








9 


19340 
+ 

25232 


anti- 

PEPSP 

intron/CTP 


0.09 


0.088 


0.089 


0.018 


112.6 


0.0002 








10 


19340 
■f 

23233 


anti- 

PEPSP 

Intron 


0.5 


0.4 


0.45 


0.379 


75.07 


0.0050 


0.005 


0.00164 


79.1 
% 


11 


19340 
+ 

23233 


anti- 

PEPSP 

intron 


0.559 


0.519 


0.539 


0.468 


63.38 


0.0074 








12 


19340 
+ 

23233 


anti- 

PEPSP 

intron 


0.564 


0.467 


0.5155 


0.4445 


105.3 


0.0042 








13 


19340 
+ 

25234 


anti- 

PEPSP 

CTP 


0.503 


0.458 


0.4805 


0.4095 


102 


0.0040 


0.004 


0.00025 


60.0 

% 


14 


19340 
+ 


anti- 
PEPSP 
U 1 r 


0.579 


0.508 


0.5435 


0.4725 


114.9 


0.0041 








•IS 

id 


25234 


anti- 

PEPSP 

CTP 






0.o2 


0.449 


100.2 


0.0045 








16 


19340 
+ 

25235 


anti-CP4 


0.428 


0.417 


0.4225 


0.3515 


109.2 


0.0032 


0.003 


0.00095 


44.0 

% 


17 


19340 
+ 

25235 


anti-CP4 


0.444 


0.453 


0.4485 


0.3775 


95.02 


0.0040 








18 


19340 
+ 

25235 


antl-CP4 


0.308 


0.313 


0.3105 


0.2395 


115,1 


0.0021 








19 


Blank 




0.087 


0.088 


0.0875 


0.0165 


0 










20 


Blank 




0.056 


0.055 


0.0555 


-0.0155 


0 
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Example 2 

Production of stablv tn.nrf»r»,^ ^^^n nlinii mill i 

^^^^■^^^^^^^^^^^^^ 
5 A maize genomic clone was provided by S. Goff USDA Aih» 

thecoding region of an anther specific geLrsoirr ' """^^ 

f gene ^:>oi36; from maize and 2 7io ♦•j l 

SGB6 p™„„,er „g|„„ (pS0B6) ^ ^ ^ . ^ ™^ 

fxii • vi- / «i5 aigested with the restnction endonuclease KSh^i 

uiw cugesied with the endonuc ease Hindlll Th^ d 7* 

„i * Tne gene GUS and GUS I refers ia b 

gluouromda^ (Muc). whicl, is a scon^le n«rker „«.„ used in 7 
aetennine «ssne specific cxp^n (Jefferson e. . ,„T "i^ t 

p™,o.er ™s to inser^d in,, pMON25a5 „hic„ J! H 

1- . ^^-^J^o:> wmcn had been digested with BalTT th^ 

ovcAanguig end filled ™a con^tane^ nudeoddes by Klen„ , 
Ptaud digest™* Hindin. TheP.zZ„„„, ' Kl™wp„l,„^ ,^ ^ 

yield PMON25259 (PZtanflSP™ 

P N25259 (P-Zup«SP70 mm,n/a„U.CP4 EPSPS /NOS 3') (Fignre 12) TV 

5.4Kb expression cassene >vas isolated ftom pMON25259 a 
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filled with complementary nucleotides by Klenow polymerase, then digested with KpnI. 
The resulting plasmid is pMON25260 which contains P-Ztap/HSP 70 intron/GUS/NOS 3' 
:: P-Ztap/HSP 70 intron/anti-CP4 EPSPS/NOS 3' (Figure 13). 

B. Production and identification of transformed com p lants 

pMON25260 DNA was co-transformed into Hi-II com plant with pMON19653 DNA 
(E35S/Zmhsp70 intron/PetCTP2/CP4 EPSPS/NOS 3') by bombarding embiyogenic com 
tissue culture cells using a biolistic particle gun as described by Brown et al (U.S. Patent 
No. 5,424,412). Transformed cells were selected for glyphosate resistance and whole 
plants were regenerated and grown under greenhouse conditions. 

Transgenic plants containing the CP4 EPSPS antisense gene were detected by a rapid 
Polymerase Chain Reaction (PGR) screening method. Twenty milligrams (mg) of leaf 
tissue from young com seedlings was collected in a 1.5 milliliter (mL) microcentrifuge 
tube, frozen on dry ice, then pulverized into powder with a wooden applicator stick. Five 
hundred microliters (^L) of extraction buffer (100 mM Tris buffer, pH8.0; 50 mM EDTA; 
500 mM NaCl; 10 mM 2-mercaptoethanol) was added to the tube and the tube was boiled 
for 10 minutes in a water bath. The extract was centrifiiged (12,000 ipm, 10 minutes) in a 
tabletop microcentrifuge and the supernatant transferred to a new tube, then 50 jiL of lOM 
ammonium acetate plus 1 mL 95% ethanol was added. After 5 minutes at room 
temperature, the DNA was pelleted by centrifugation of the tube at 12,000 rpm at room 
temperature for 10 minutes. Twenty-five nL of TE buffer (10 mM Tris buffer, pH 8.0; 1 
mM EDTA) was used to resuspend the DNA pellet. Gontaminating RNA was destroyed 
by adding 0.5 10 mg/mL RNAse A to the DNA solution and incubating the tube for 5 
minutes at 37°C. One of the extract was used to perform PGR reactions using the PGR 
Gore Kit (Boehringer Mannheim, Gat. #1578553) and following the method described in 
this Kit. The DNA primers used in the PGR for detecting the GP4 EPSPS antisense 
expression cassette were SEQ ID N0:5 (5'- GAAGAAGTTGATGAGGAAGGAGGGTG - 
3') located in the P-Ztap promoter and SEQ ID 6 (5'- 
CAAGGTGAATGGGGTGGATTGCG - 3') located in the GP4 EPSPS antisense gene. A 
Perkin Elmer thermocycler was used with the following conditions: 



One cycle: 94*G, 3 minutes; 64°G, 1 minute; 72''G, 3 minutes 
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40 cycles: 94»C, 1 n.inuu=; 64«C, 30 seconds; 72°C. 3 niinutes 
Co™ lines »e« de«™i.ed ,o be «.„ge.io f„, ^ cP4 EPSPS exp^ssion 

cesscne if were positive for fte presence of » -1.3 kilobase (Icb) DNA 
5 de.ec.ed on an agarose gel by foUowing flre ^eftods of Maniad. e. al.(1982). In separate 
-eacon^ specific primers wee nsed .„ de.ec. U,e OUS (p.g/„c) exp« casse«e 
regions of PMON25260. Tbe primer, for detecUng d,e GUS expression cassette we,. 
SEQ ,D N0:5 (5>. GAACAAOTrCATGAGCAAOOACCCTO - 3)' located in dre P-Ztap 
promoter sequence and SEQ ID N0:7 (5- . GTAOAGCATTACGCTGCGATGG - 3') 
.0 l^led in .he middle „, fte f^^u. coding region. An -1.5 kb DNA ftagmen, was 
observed by agarose gel elecuophoresis in com lines that received dris region of 
PMON25260. Seventeen com lines were determined u, be PCR posittve for fte anUsense 
CP4 EPSPS gene (Table 3). 

Example 3 

Evaluation of expression fmm pZtan p rnmnt^r 

Hstechemical loclizarion of GUS acdvi.y was nsed » eval«e U,e expression partem 
flom dre P-Ztep p,«n„ter. TWs me«,od was performed essentially as d^ribed by Van 
d=r Krol e, al. (1991). Before staining, anti«rs. ovaries and odrer plan, tissues were cu. 
«.» halves wi* a ra^ blade .o allow X-gl„c s„bs«te u, peneBate *e tissue. To 
20 exclude artifact which can resul. ftom differences in cell si». penetiation of substtate in.o 
.he nssue, and background activi.y. several i«lepe„dent histechemical assays were 
performed on anttrers of bofli transgenic and nontransgenic phnts. 

Sixteen on. of 43 transgenic Hi-II lines produced stiong levels of GUS activity in anti,ers 
by hrstochemicai suining. Five of tite OUS-positive lines showed specific GUS s.«niag 
25 only in amher.. Seven lines showed male.s,«cific GUS s«idng in otirer tassel tissue, 
such as glumes, lemma, pdea. and pollen grains in addition to anti«r staining, lines 

showed expression in ovary and leat but tire staining ™s signifioantiy v«aker than in 

tassel tissues. 

Anti-CP4 EPSPS RNA produced fa»n pMON25260 was detected in ti« Hi-I. Imes uamg a 
RT-PCR assay. TotiU RNA was extn.«ed liom tassel tissues as described above. First 
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Strand cDNA was produced using reverse transcriptase reactions carried out with the 
Stratagene RT-PCR Kit (Cat. #200420) according to the manufacturer's instructions. One 
lig total RNA and 2,5 pmol of primer SEQ ID N0:8 (CP42 : 5'- CGA GGA COT CAT 
CAA TAC GGG CAA GGC- 3') were used in each 20 fiL reverse transcription reaction. 
5 PGR reactions were then performed on 1 |iL of cDNA sample using the PGR Core Kit 
(Boehringer Mannheim, Cat. #1578553) using 300 nM each of SEQ ID N0:8 and SEQ ID 
N0:9 (5'. CAC GTC GAT GAC TTG GCC GGT GAG C -3') as primers in a 100 
reaction volume and the using the following thermocycle conditions: 

One cycle of: 94'*C, 3 minutes; 64°C, 1 minute; 72°C, 3 minutes; 
10 30 cycles of: 94°C, 1 minute; 64^C, 30 sec; 72°C, 3 minutes 

Using this technique, 17 of 30 transgenic Hi-II lines evaluated showed detectable antisense 
CP4 EPSPS expression in tassel tissues. 

Example 4 

Glvphosate tolerance of transgenic com plants 
15 RO Plants: 

Transgenic Hi-II com plants containing pMON25260 were created by particle gun 
bombardment, transgenic cells selected on glyphosate, and plants were regenerated as 
described. Transgenic plants were confirmed to contain the CP4 gene by the PGR assay 
described above. Approximately 5 plants of each individual RO callus were regenerated 
20 and transfened into soil pots and maintained in a greenhouse. Three plants in each line 
were sprayed with up to 32 oz/acre (2.23 kg/ha) of Roundup® at the time when the fifth 
leaf emerged. The remaining 2 plants served as the unsprayed controls. 

As shown in Table 3, a vegetative score (% growth reduction) of 0-100 was used relative 
to the unsprayed RO plants of the same line. A score of 100 was given to plants killed by 
25 the Roundup spray, while a 0 represents no visible difference between the sprayed and 
unsprayed plants. Percent leaf malformation was also used as a measure of vegetative 
glyphosate tolerance. Flowering and male fertility was evaluated using a rating system of 
0-5. A score of 0 was given if no tassel was present, a score of 1 for plants with tassels 
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wh.ch a.d „„. »d«g„ ^u^sis. ^ .0. of 5 was given if ^ 

Ltaes se..«d RT-PCR e„ „f a„Use.e CP4 gene in U,e ^„ 
After sp,ayn,g gl^o,,^ a ™e of 32 oz/acre (2 23 lcs*a- line . 

-o. of „. Co„,pann, U,e flowering-male f«,iu,y seo« of fte .pn.yed pla«s «, ^ 

10 Table 3. Greenhouse evaluation of Rn 

glyphosate and fertility scores after spra^ resistance to 

pMONl 9653/pMON25260 

Ro Sprayed with 32 oz/ac (2.23 kg/ha) at the 5-6 leaf stage 




BO* sprayed and unsp^yed transgenic plants from the selected lines were crossed with 
stenhzed by the spray were sinUlar in quality and seed set to that borne on unsplyed 
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plants, indicating that the plants were fully female fertile under the glyphosate spray 
conditions used. 



Analysis of Fl progeny 

Fl progeny from three of the glyphosate-induced male sterile lines were germinated in 
5 small soil pots and lines inheriting the transgene were determined by PGR of seedling leaf 
discs as described above. Vegetative and reproductive tolerance to glyphosate was 
evaluated by spraying the PGR positive Fl plants with 32 oz/acre (2.23 kg/ha) of 
Roundup® when they reached the 5-leaf stage. The vegetative and reproductive tolerance 
was scored as described above. The results are shown in Table 4. 

10 Table 4. Greenhouse evaluation of Rl progeny of glyphosate-induced male sterile 
com lines. 

Fl data 32 oz/acre (2.23 kg/ha) spray (Line 1 sprayed with 8 oz/acre (0.56 kg/ha)) at 5-6 
leaf stage, RT PGR positive Fl progeny 











1 (5910) 


0 (8 oz/acre) 


0 


2 


1 (5911) 


0 (8 oz/acre) 


0 


2 


1 (5912) 


0 (8 oz/acre) 


0 


3.5 










2 (6038) 


0 


0 


1 



Each of the three lines showed excellent vegetative scores (growth reduction of 0-10). All 
three lines showed fertility scores of 1 (complete sterility). It was observed that the 
anthers from sprayed plants were present, but tightly closed compared to anthers from 
20 unsprayed controls that were open and dehiscing copious amounts of pollen. Anthers from 
sprayed plants were dissected and pollen grains were examined under a dissecting scope. 
The male sterile anthers produced significantly fewer pollen grains than the fertile controls 
and the pollen grains that were present were shrunken and abnormal. 

Nontransgenic B73 com pollen was used to pollinate these and other lines to produce seed 
25 for field trial evaluation. 

Evaluation of lines under field conditions 
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tolerance gene. Lmes for the field oial were seleaeH k ^ '^«'3T*Matt 
^ ve,e..lve .ler.ce, ^ ^ ^ ^ °" ~ of 

seedsuDDlv Th.„«i- . , ^ gene expression, and available 

The field was set up in two blocks; each block cont«in.H f 

Itaes (PMON19653 CP4 EPSPS o M "^"'""^ "™ 

. j:rreri:itL~^ "™ — 

Plants were scored for male fertility when they had begun to flow« . • 
The Roundup® Sfnpfs at the 6-8 leaf stage ,. , 

-------aCaJtZ "rit::;' ^ 

no anthers were visible on the « ^ . "owever, m these four lines. 

a«« the ^ «.r.heinr2ir"° r"^"' 

plants Which earherhadnone. However inl'Z , 

t.uced^n<™a,,e.,„nehne.d: :i~:rT'™'^'^»-«' 
- late and ahno™.. placed a„.e. «.d ..21^ 11:2' 

female fertility. ^^"^ ^^^i^^^ng fi^" 
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Table 5. Field evaluation of fertility of transgenic com plants sprayed with 
glypliosate (Roundup®) at the 6-8 leaf stage at a rate of 32 oz/acre (2.23 kg/ha). 











3 


-46% 


0 


2.0 


6 


-14% 


0 


2.5 


13 


-8% 


0 


3.0 


16 


-12% 


0 


2.0 



' Percentage of anthers exserted on sprayed plants at the time the unsprayed plants of 
the same line were shedding pollen 



Fertility scoring on sprayed plants 10 days after unsprayed plants were shedding 
pollen. Scoring system: 0 is completely sterile, no anther formation, 1 is some anther 
10 formation, 2 is some anther formation and some pollen shed, 3 is anther formation and 
some pollen shed, 4 is anther formation and pollen shed but less than fully fertile, 5 is 
fully fertile. The fertility score on all imsprayed plants was 5. 

Example 5 

CP4 expression in Fl plants: 

15 Fl progeny from a cross of nontransgenic B73 pollen and the male sterile Hi-II Ro plants 
' were evaluated to determine the CP4 EPSPS expression in leaf and anther tissues using 
CP4 ELISA assays (20 mg leaf and anther tissues were collected and quick frozen in liquid 
nitrogen). Total proteins were extracted and quantitated using Bio-Rad protein assay (Bio- 
Rad Laboratories, Cat#500-0006). CP4 EPSPS protein in leaf and anther tissue extracts 

20 was quantitated using £. co//-expressed CP4 EPSPS for standard curve. The leaf and 
anther protein extract from wild type plants were added in standard curve for leaf and 
anther CP4 EPSPS assay, respectively. CP4 EPSPS levels in all test plants were much 
higher in leaf tissues than in antiier tissues. The ratio of leaf7anther protein expression of 
CP4 EPSPS in ng CP4 EPSPS/^g soluble protein was determined for com lines #1, 3 and 

25 6. The range of inhibition of CP4 EPSPS expression was 1.76 X to 14.87 X with the 
average inhibition of CP4 EPSPS in the anther tissue compared to the leaf tissue being 
7.34 X. 

Example 6 

Utilization of altemative antisense constructs to make Roundup® Readv Fl plants. 
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Ptots a,, using co..s.„,c>s such as described i„ Example , (eg. pMON25235 

PMON23232, pMON23233, sub..«„g ^ eo.U«Uve p™„„,e, J, L 
pollen-speeffle p,o,.o,er i„ oombinadon wi* a consdmtfvc p™™„«, p„vidi„g 
and female tolerance .oglyphosate. Transgenic lines a« chos«. fta. sho» good vegeWve 
. and fe^de .olerance, bu, „«.e ,^rod,^a„ sensidvi,, ,„ gl^o,,,, ™, ^, ^ 
backcrossed into inbred lines to be used as females in hybrid crosses. 

Fully glyphosate toler^t (R„„„d„p «.„, lines are used as males. Il«se lines 

contatn non-homologous glyphosate tolerance genes s..,h as the plan. EPSPS gene or 
contain different chloroplast targeting peptide and/or intron se,u»ces. Thus, dre antisense 
constructs used to malce the female plants male sterije are no. active on the glyphosate 

U-lenu^e genes broughtrnflomti^ male, and titeresultingF, seeds produce p,an.s which 
are fully fertile when sprayed with glyphosate. 

Example 7 

Extensio n of flower lif^ 

Enhandng tire lengti, of fl„«^ life is .„ area of sigmficance for fte horticulnrrai industty. 
Peuuua species are generally self-incompatible for fertilization. This has .llo««l for 
gre^ho^ Observations of the <,ow« life in Penmia species. Pe«nia varieties V26 and 
Mrtchell have sho™ that ti« unpdlinated flower, after opening wUl ,«nain on ti» ptat 
for 4^ days witi, an average of 5 days. Flow^ which ^ c^ss polUnaM by ha«i at 
flower opening have a range of flower life of 1.3-3 days witi, anaverage of 2.25 days. 

All of the compositions and methods disclosed and claimed her«n can be mad. and 
executed without undue experim=„,a.ion in ligh, of tire p,es«« disdosute. While tire 
cor^positions and metirods of this invention have been described in terms of ptefened 
emWiments, it »,1 be apparent to those of skiU in the an ftat variations may be appUed 
to ti. DNA molecules a»d m the steps or in tite se,„enc of steps of the metitods 
desc„b«l her^n without departing from the concept a«. scope of ti» invention. More 
n-fically. it wUl be apparent tita. certam agents which are boti, chemically and 
Phystologically related may be s„bstiM«l for the agenu described herein while tire same 
or shnilar results would be achieved. Al, such shnilar substitutes and modificatio,» 
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apparent to those skilled in the art are deemed to be within the scope and concept of the 
invention as defined by the appended claims. 
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1 . A method for producing male sterile plants comprising the steps of: 
inserting into the genome of a plant cell: 

a first DNA molecule comprising operably linked in the 5' to 3' orientation: 

a first promoter that functions in plant cells to cause the production of a 

first RNA sequence; 
a first DNA sequence encoding a first RNA sequence which encodes a 

protein that causes tolerance to glyphosate; 
a first 3' non-translated region that functions in plant cells to cause the 
polyadenylation of the 3' end of the first RNA sequence; and 
a second DNA molecule comprising operably linked in the 5' to 3' orientation: 

a second promoter that functions in plant cells to cause the production of a 

second RNA sequence in a male reproductive tissue; 
a second DNA sequence encoding a second RNA sequence that is 

complementary to the first RNA sequence; 
a second 3' non-translated region that functions in plant cells to cause the 
polyadenylation of the 3' end of the second RNA sequence; 
obtaining transformed plant cells comprising the first and second DNA molecules; 
regenerating transformed plants fi-om the transformed plant cells; and 
exposing the transformed plants to glyphosate. 

2. The method of claim 1, wherein the first promoter is selected fix)m the group 
consisting of cauliflower mosaic virus 198 promoter, cauliflower mosaic virus 35S 
promoter, figwort mosaic virus 358 promoter, sugarcane bacilliform virus 
promoter, commelina yellow mottle virus promoter, small subunit of ribulose-1,5- 
bisphosphate carboxylase promoter, rice cytosolic triosephosphate isomerase 
promoter, adenine phosphoribosyltransferae promoter, rice actin 1 promoter, 
mannopine synthase promoter, and octopine synthase promoter. 

3. The method of claim 1, wherein the first DNA sequence encodes a native EPSPS 
enzyme, a mutant EPSPS enzyme, or a glyphosate degrading enzyme. 
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4. 



5. 



The method of claim 1, wherein the second promoter is selected from the gmup 
consisting of the TA29 tobacco tapetum-specific promoter. PAl chalcone 
flavonone isomerase promoter. PA2 chalcone flavonone isomerase promoter. SLG 
promoter. LAT promoter, exopolygalacuronase promoter. Zmcl3 promoter, 
LAT52 promoter, LAT59 promoter, and psgB6-l promoter. 

The method of claim 1. wherein the second RNA sequence is complementary to 
the protein coding region of the first RNA sequence. 



6. The method of claim 1. wherein the second RNA sequence is complementary to a 
non-translated region of the first RNA sequence. 

7. ^-niethodofclaiml. wherein the plant is selected from the group consisting of 
com. wheat, rice, canola. oat. barley, alfelfa, canot. cotton, oilseed rape, sugarbeet. 
sunflower, soybean, tomato, cucumber, and squash. 

8. The method of claim 1. fiirther comprising Cross-fertilizing of the male sterile 
plants with pollen fix>m a male fertile donor. 

9. The method of claim 8, fimher comprising harvesting seed from the progeny of the 
cross-fertilization. 



10. A male sterile plant produced by the method of claim 1 . 

11. A plant cell which contains in its genome: 

a first DNA molecule comprising operably linked in the 5' to 3' orientation: 

a first promoter that functions in plant cells to cause the production of a 

first RNA sequence; 
a first DNA sequence encoding a first RNA sequence which encodes a 
protein that causes tolerance to glyphosate; 
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a first 3' non-translated region that functions in plant cells to cause the 

polyadenylation of the 3' end of the first RNA sequence; and 
a second DNA molecule comprising operably linked in the 5' to 3' orientation: 

a second promoter that functions in plant cells to cause the production of a 

second RNA sequence in a male reproductive tissue; 
a second DNA sequence encoding a second RNA sequence that is 

complementary to the first RNA sequence; 
a second 3' non-translated region that fiinctions in plant cells to cause the 

polyadenylation of the 3' end of the second RNA sequence. 

12. The plant cell of claim 1 1, wherein the first promoter is selected from the group 
consisting of cauliflower mosaic virus 19S promoter, cauliflower mosaic virus 35S 
promoter, mosaic virus 35S promoter, sugarcane bacilliform virus promoter, 
commelina yellow mottle virus promoter, small subunit of ribulose-1,5- 
bisphosphate carboxylase promoter, rice cytosolic triosephosphate isomerase 
promoter, adenine phosphoribosyltransferae promoter, rice actin 1 promoter, 
mannopine synthase promoter, and octopine synthase promoter. 

13. The plant cell of claim 11, wherein the first DNA sequence encodes a native 
EPSPS enzyme, a mutant EPSPS enzyme, or a glyphosate degrading enzyme. 

14. The plant cell of claim 1 1 , wherein the second promoter is selected from the group 
consisting of the TA29 tobacco tapetum-specific promoter, PAl chalcone 
flavonone isomerase promoter, PA2 chalcone flavonone isomerase promoter, SLG 
promoter, LAT promoter, exopolygalacuronase promoter, Zmcl3 promoter, 
LAT52 promoter, LAT59 promoter, and psgB6-l promoter. 

15. The plant cell of claim 1 1 , wherein the second RNA sequence is complementary to 
a protein coding region of the first RNA sequence. 

16. The plant cell of claim 11, wherein the second RNA sequence is complementary to 
a non-translated region of the first RNA sequence. 
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17. T^e plant ceU of Cai. , whe.i„ the piant is selected from the g.up consisting 
of con., wheat, rice, canol^ oat. barley, alfalfa, carrot, cotton, oilseed rape 
sugarbeet, sunflower, soybean, tomato, cucumber, and squash. 

1 8. A plant comprising plant cells of claim 1 1 . 

19. Seed comprising plant cells of clarni 11. 

20. A method of producing hybrid seed comprising the steps of: 
producing a male sterile plant by inserting into the genome of a plant cell: 

a first DNA molecule comprising operably linked in the 5' to 3' orientation- 
a fi.^ promoter that functions in plant cells to cause the production 

of a first RNA sequence; 
a first DNA sequence encoding a fnst RNA sequence which 

encodes a protein that causes tolerance to glyphosate; 
a first 3' non-translated region that functions m plant cells to cause 

the polyadenylation of the 3' end of the first RNA sequence; 

and 

a second DNA molecule comprising operably linked in the 5' to 3' 

orientation: 

a second promoter that fimctions in plant cells to cause the 

production of a second RNA sequence in a male 

reproductive tissue; 
a second DNA sequence encoding a second RNA sequence that is 

complementary to the first RNA sequence; 
a second 3' non-translated region that function! in plant cells to 

cause the polyadenylation of the 3' end of the second RNA 

sequence; 

obtaining tnmsformed plant cells comprising the f^t and second DNAmolecules- 
regenerating a tramfomied plant from the transfomied plant cells; 
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increasing the number of transformed plants by growing the transformed plants in 

the absence of glyphosate; 
permitting self-fertilization; and 

growing seed from said transformed plants over a number of generations in the 

absence of glyphosate; 
exposing the transformed plants to glyphosate to produce male sterile plants; 
effecting cross-fertilization of the male sterile plants with pollen from a male fertile 
donor, wherein the donor contains in its genome a third DNA molecule 
comprising operably linked in the 5' to 3' orientation: 
a third promoter that functions in plant cells to cause the production of a 

third RNA sequence; 
a third DNA sequence encoding a third RNA sequence that encodes a 

protein that causes tolerance to glyphosate; 
a third 3' non-translated region which functions in plant cells to cause the 
addition of polyadenylale nucleotides to the 3' end of the third RNA 
sequence; 

wherein the third DNA molecule is different than the first DNA molecule; 
and 

harvesting seed from the progeny of said cross fertilization. 



21. The method of claim 20, wherein the first promoter is selected from the group 
consisting of cauliflower mosaic virus 19S promoter, cauliflower mosaic virus 35S 
promoter, figwort mosaic virus 35S promoter, sugarcane bacilliform virus 
promoter, commelina yellow mottle virus promoter, small subunit of ribulose-1,5. 
bisphosphate carboxylase promoter, rice cytosolic triosephosphate isomerase 
promoter, adenine phosphoribosyltransferae promoter, rice actin 1 promoter, 
mannopine synthase promoter, and octopine synthase promoter. 

22. The method of claim 20, wherein the first DNA sequence encodes a native EPSPS 
enzyme, a mutant EPSPS enzyme, or a glyphosate degrading enzyme. 
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^•5- method of claim 20 when-ir, A- 

consisting of the T.^; 17 ~ 

uie TA29 tobacco tapetum-specific promoter PA I .h.i 

flavononeisomerase promoter PA2ni.». « 

P«)moter LAT """""^"^ P«r. SLG 

promoter. LAT promoter, exopolygalacuronase promoter Zmcn 

LAT52promoter,LAT59promoter,a„dp,B5-,proL:r 
The method of claim 20, wherein the second RNA 



24. 



10 25. 



The method of claim 20. wherein the second RNA sequence . 
non-translatedregionofther^RNAse^uence.^^^^ 

26. The method of claim 20 wherein th« j 

-Pconsis.„.ofca.«otrr^^^^^ 

Virus 35S p^moter, figwon mosaic virusTs 1 ' ^^""'"^^^ '"^^"^ 

Virus p^moter. commeUna yellow Zl 

Hbulose-LS-hisphosphate carC~^'™^ ^'"^ ^"^""^ 

isomerase p„,moter adenine T '"^'^"^ triosephosphate 

pomoter, ademne phosphoribosyltransferae promoter nV. » , 

promoter, mannopine synthase promoter andn t • ^ 
20 '^ °°'***^^'^'^°ctoP>ne synthase promoter. 

27. The method of claim 20, wherein the plant is selected from 

con.whea.Hce,canoHoa.harley,L,I^2^^^^^ 

sunflower, soybean, tomato, cucumber, and squash """'"^ 

25 28. Seed produced by the method of claim 20. 



29. 



30. 



30 



A plant produced from the seed of claim 28. 
A plant cell which contains in its genome 

aflrstDNAmoleculecompHsingoperably linked in the5'to3'oH^^^^^^^^ 

ZZT """"^ " "'^ ~n Of a 

first RNA sequence; 
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a first DNA sequence encoding a first RNA sequence which encodes a 

protein that causes tolerance to glyphosate; 
a first 3' non-translated region that fiinctions in plant cells to cause the 

polyadenylation of the 3' end of the first RNA sequence; 
a second DNA molecule comprising operably linked in the 5' to 3' orientation: 

a second promoter that functions in plant cells to cause the production of a 

second RNA in a male reproductive tissue; 
a second DNA sequence encoding a second RNA sequence that is 

complementary to the first RNA sequence; 
a second 3' non-translated region that functions in plant cells to cause the 

polyadenylation of the 3' end of the second RNA sequence; 
a third DNA molecule comprising operably linked in the 5' to 3' orientation: 

a third promoter that functions in plant cells to cause the production of a 

third RNA sequence; 
a third DNA sequence encoding a third RNA sequence which encodes a 

protein that causes tolerance to glyphosate; 
a third 3' non-translated region which functions in plant cells to cause the 

addition of polyadenylate nucleotides to the 3' end of the third RNA 

sequence; 

wherein the third DNA molecule is different than the first DNA molecule. 

31. The plant cell of claim 30, wherein the first promoter is selected from the group 
consisting of cauliflower mosaic virus 19S promoter, cauliflower mosaic virus 35S 
promoter, figwort mosaic virus 35S promoter, sugarcane bacilliform virus 
promoter, commelina yellow mottle virus promoter, small subunit of ribulose-1,5- 
bisphosphate carboxylase promoter, rice cytosolic triosephosphate isomerase 
promoter, adenine phosphoribosyltransferae promoter, rice actin 1 promoter, 
mannopine synthase promoter, and octopine synthase promoter. 

32. The plant cell of claim 30, wherein the first DNA sequence encodes a native 
EPSPS enzyme, a mutant EPSPS enzyme, or a glyphosate degrading enzyme. 
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33. Tie plan, cell of clai„, 30. whc„i. A. ^ ^ 

«>ns..,tag „, TA29 .obacco .apet^-^ifl, ^ 
navonooe isome^e p™„„.„. PA2 chalcone flavonone i«,„^ p„^, s^G 

LAT52 pTOffloKr. LAT59 promottr, ari psgBO-l pr„nK,te 

34. -n-c plan, cell of clata 30. „h«efa fte «con« RNA se,„e„ce is c.:n,>^ 
a protein coding region of the fim UNA sequence. 



10 35. 



plant cell of clain, 30, wherein the second RNA sequence is c„„ple„,e„,a., to 
a non-tianslated region of the firit RNA sequence. 

36. The plan, cell of clain. 30. >*erein d,e third pn,.oter is selected ^ fte g.„p 
cons.sUng of canlifl„.™nK«aie vin. „s pronroter. cauliilo^er mosaic virus 35S 
promoter, flgwot mosaic virus 35S pron»ter, sugarcane baciUifonn virus 
~, commdina yellow mottle virus promoter. sn«U submnt of ribulose-1 5- 
b^phosphate carboxylase promoter, rice cytosolic rtosephospha.e isomerjse 
f-moter. adenine phosphoribosyl«nsferae promoter, rice actm 1 promoter 
"'™^''5™^P"'™ter.«rfoctopinesynthasepromo,er. 

37. lire plant cell of claim 30, wherein ^ plan, is sele«ed fi^n the group consisting 
of corn. wh«, rice, canola. oa, barley, alfalfa, c«ro^ cotton, oilseed rap. 
sugarbeet sunflower, soybean, Mmato. cucumber, and squash. 

25 38. A transgenic plant comprismg the ptantceUs of claim 30. 

39. S«<1 comprising the plant cells of claim 30. 
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215! ™ S 

2201 GAGGAGCAGC rSca SIS 2^'*"^ •^^^S^G^ 

2251 TTGGTTACAC CCCCGCtSa ^^^r '"^^ 

2301 CCTCCGTTCC GGGTATTMA ^J^^"™ AATGTTTGM 

2351 CCGAAGATTA AMGACMM TTATAAAACT MTTTACCAG 

2401 TTCATACTCC TATtS '^"S^TT GGGTCTATAT 

2451 ITAGCAGGAG Oa™' ^J'™^^^ ^^^^^^ 
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